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Ab.s[rmsl

A 1.0S ALAMOS DESIGN STUDY FOR A HIGH-POWER
SPALLA’lTON-NEUTR(lN-SO[JRC17 DRIVER*

A. J. Jxcrn, R. A. Ihmlckopf, R. W, Macck, S. 0. Schrihcr, 11, A. Thicsscn, R. Wrmcls
I AX Almos National 1:ihorilli)ry

1.os Alamos, NM X7545

A design s(miy tor iii) :iucl’lc~llf~r-{iriv~!llsplll:t[ioll-llc[l[m)ll
source is uldcrway iii I .0s ~ kmos, ‘1’hc driver, Im.scd on [tic
l, AMP1: facility, produc:s n I -MW prolun bc:lm md is

up):ra(lnblc [o 5 MW. A1’mr Iincar :Iucclcr:uion 10 lull energy,

011 11- Imm is flCcrrUllll:UUl for ilfiprmill]:lll!ly 1 ms ill il

compressor riufl illl(l lllcll cxmcml 11) prmhm m inlcnsc
p {)lon huq Icss Ih:ul 1 ~ls hlllg, oll(o a sfd Imion l:lrgCl
SYS[(!III with :1 ()(1-lIY. CYCI1! rillC, ‘1’hc design uses cxisling
iulrmmrmrrc iusolar as possihlc while mnintiliniufl projccl
gods. ‘1’his fnpcr Sumrmritcs lhc symvn spccilicnlions and
design slalus.

1. IN’I’1{01111(:’I’ION”
Simw Ihc c{ms[ruc[ion of (I]c I A)s AIMIOS l’r~mu S[orii}~~

Kiclg ( l)S1{) [ 11, IhCW IMs hccn ii stron~ projr,rm for ncu[r(m
rc.sc:u’ch iit IIIC I m Al:unt)s NcuI[tm Sc;i[wrin~ ( !cn[cr
(1.ANS(!II). ‘llc 1%1{ wil~ (ksigw(l It) lwovidc IN) kW of
I)ISUU powl!r 10 IIW 1,ANS( ‘Ii SpilIliliioI) !q!c[, ‘1”0 f~mish ;I
plmsihlc u[)~fil(l~ lor this lil~il i[y, wc l)ilv~ undcrmkcn ii SIUdy
10 dclinca[c :1 SySICIII ~ilpiilll~ d’ dclivcrinj! 1 MW of lXMIU

power [o N up~radcd 1.ANS( ;II [iirgC[ will) provision fur :1
fur[hcr iuc[wsc in pmvcr [o 5 MW, ‘I”hc projrxt is kn{~wn m
Ihc Nnt ioi~id ( ‘cuwr for Ncumm Rcscm-11 (N( ?NR).

‘1”111’OMIC1’pl cmcrj:infl 1’1’{)111li!CSC S[llllics I’culurcs

nt:crlcr:l( ion 01 I [- ions U) :111cmvj!y td’ X()() McV ilil(~

slllls(.[lll(:[ ll[ll!llli-lllnl inlcclion inl~) :1 umlprcss[)r rin~, ‘IIIc

40-IIIA

I‘“ ‘ll’{~lor 4(.)7 5 MHz UO$MHZ MM MH7

u)mprcsscd pUISC is 111(31 CX[rilCtCll in u sillglc lurn and
wnnsporld 10 Ihc sp:dl:lliou lmgct.

Ill :111lhc sludics WChUvCslrcsscd rdiahilily illl(l low Ilcml

loss :L$ well ;Is Icdlnicd ~rhnmcc.

Il. (; I{NERAL DIISCRIP [’ION

‘1’hc fm)postd schcmc is shown in l:igurc 1. ‘1’hc cxis[ing
Side-coupled Iin:lc (S(~I ,), whidl ilCCCICril[CS IWJIII Inun 1(N)
McV (() H(H) McV ilil(l comprises ;Ih)UL 90% of IIIC 1.AM1)l~
Iillil(l, is rclaimxi as an ill[Cgrill fml 01 Ihc proposal. The

prcscnl front L:II(I cmsis[s or lhnx ion sourrxs IIW provi(lc 1I‘,

11-, illl(l pd:ui~.rd II- :lccdmld hy ( Tt~ukroll-’N:lll[}ll Y,L’IMWNS
I() “150 McV. ‘1’IN’ Ihmr! IWWNS m: umr~;cd, Imm-hell, iiil(l

miitdc(l to :1 201 .2 S- MII~, dril[.[ubc lillii~ (l)l’1. ) f~}r
iKu Ic~lt i[lii [[) 100” McV. ( )ur COIWCIN ttplil~C.s [lIC [hrcc

sources wi[h n Siiq!hg II- source c:qmt)lc of providing 30 mA
p(tiik CIII I{t.l)[ ~il I(N) k~V. I}tgilili is 1111!1) l]liil~ll~(l to it 402,5-
MIIz, r:l(li[~-lrth(lllcl~ cy~(l~lil(l[(lj~ olc ]in:w th:II INIIN.IWS ad

ii~~~l~r:lt~s t~iil~l I() 7.() McV, “IIIc IICXI SIiIgC 01 ilc-~cl(:r:l[iou is
pr(w idcd I)y :1 4(H.5-M I IY, I }1”1, [u 20 McV nnd sul)scqucnl
mxwlcralim hy ill] H05-MIIz 1Yll, I() I ()() M~V for i)iil[c!~il)g

iulo Ihc X03-MIIZ. (X~l.. “1’hc mwly Cht)iccs iu this
Spccilicillioll iuw)lvc(l c(msidcr:llions (d’ l)UIUl dyllilIlli~S,
rclid)ilily, :111(Itxvd A(lditi(midly. Ihc c(~llli~[llr:lti(m c:m hc

up~ltwlr(l ill tmrrn[ I)y Imwlill;: ilm) IIIC H(H -Mllz, I )’1”1,.

Comlmw-d)r
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An :whrom;uic trmrsport Iinc l:ikcs the berm norW-
C:lslw:ird 10 lhc! ampmssor ring. 1’IIC lillc ;IISO pcrlonns the

func[i(m oi’ dispersion scraping 10 remove (~lf-lllot]lt:rl[ull]
beam p:uticlcs and cun[:iins magnets pn)pcrly siztxi to ;ivoid

apprcci:ibic flcld stripping of the 11- bc;im, Rc.am is in,jcctcd
by slnglc-slagc stripping through it toll anti, after
accumuhtion lorsomc 17°0 turns, is immufi:itcly cxtriwlcxf.
lkun is then mmspormi [o (WO sp:dla[ion smltces and inserted
Vcrlic;ii]y upw;irds inlo Ilw lfirgcLs. ];xp(’rinlcnt$ Mthcncutr(m

source gcncmlly rcquim :1 regular pulse rate. Ilcncc, pulsed
Cquipnwn[in lhc Iin:ic a,ld ring must run :]1 120117 [opmvi(lc
;1 Iillii’(11”11120:llld40° 111 tO[hC 1:’rf!CIS,

111.INJE(’”1’OR
l;x[cllsivc dcvcl(~pnKvIt of high-current, llif~,ll-t>riglltlicss

11- ionsourccs lI;LS t;]k~’npl;icc ;l[I(M Akun[M both for usc:lt
I, AMI)]: 12] ond forothcrpmjcc[s such M [hc (iround Test
Accc:lc’r;li(~r((;’1’A) [31, Wcrc(]{]irc ctlmcl}[s sorrletvll;it; it)ovc”
30 nlA with an I ms nom)di~,cd cmi[[;mcc of below ().()2()x cm

mr:d d 8 duly fnctor near 9%. N() cxistins ion source meets
;111Illcsc tcquircmcn(s ill[tloll}~ll lhcrc ;irc Sovcr:d applicfiti{ms
f()[WlliC"ll i) IICi)tlllC lC`l]\lir(:I1lL` lllStl:lS lwcil CXcCC(lC(i. ‘1’llc4X
ion S(NUL-C(Icvcl(qwd l~w(i’I’A IMS prx)duccd,l’iwcx:implt’, (wcr
(JOniA ;i[ :LINNI[ :1 [bud olthc rcquwcd cnli[t:mcc. IIowcw:l,
lll{:llolllll);ll~il][y l:lclorft)l which ill);ls l~crl{ll:vclt>lw(jis 1%.
‘1’hc1,AM1)IJ i~ms(mrcc pcrf(mns wi[h :Niqu:Nc duty fxtnr M
cmill:m~’c INI[ prmhm% ii~~lrr~[]t Of 20 mA, ‘IIWSC U)II) HNIIIS

llppl~ 111S() [0 S{ NIICCS (lCVrl Opi!d :1[ {)thcv Instiil]{i(ms, Willi :1
lll{)(ics[ (irv(.l[j[>Illrll( pr(~[:G\[ll,i[ isrcas[mablr tt)cxlr:q~~l:llc [()
Iilc rcquitwl Pcrf(mn:mcc.

A nlf)rc difficlllt problcm, for wbicl) no cnlircly
s;ltisf:lctf)ry soluli{ul n{)w cxisls, is that (JI”choppillf~ lhc bcom
:11:1 1,4°-MIIZ IXIC (430 IIS 011, 23.S us (}11) 10 [nili[:t:il[l :iII

Cxlr; wtitu] j!:lp in Ihc Colllllrcss(lr-rillj! sloIcd bcmn, This is

ull IcIilly (h)lw for (IIC I)SR by :1 SI[}W-W;IVC (Icflcclor ~n Ibc
I, AMI)IJ injcc[or rc}!itm M 750 kcV b(:m~ cncrj!y, Such ii
st’11~’lllcwiil Iw ~lifficul( ill the low nl:ilchinjl rncrj:y IJl IIlc
RIQ II) III(: N(:N!I N’IICIIIC. Scvm:ll (~llwropli(~lls Iuc Iwillj:
i!xplo Ic(l, :IIIIOII}! (twill 1’:!s1Iw:mi swilcllil]j!:i(;l M)tIrcr pl:IsnM

clc~’lf!)(k’ wi!llltltxlcsl pulsm! In)wcrrc(](lir[’lllf;llls,

-—_

1
..—-—..—

&!.w!l!lu!!!__ 23M-._—_—..-.--—..
Av(wIy’ l)OW(’1-—-—. 1.4 n\A X X()() M(-V 117 MW———. —-— — ——..—-.
I’c:ik {1111(’111 ‘N) IIIA-. -—.. ._ —_- —____ . __ ____ ——-—.
It(’f)f’lltl(lll 1:11(’ ;)() , ,10 11,

I
-—L———-——. .—

I
—--.——....————.-—

1)(’:1!11(Ilflv I:l(”lol -_!- H-_..—.._.-–-..--------——_.__..—— .— —__
M:l(”lyll!,f’ h’ll~tll I ) IllA!:_ .. .. . . . . . . . .—— ..-. -—— -—=— .. . –.

,!1/

I
hll(l{@\c Itqmw(l

I

40?,’ I NI.—___ _, .-. . .. . . _____ ._. _ .____, - _________ ____
( %l)ppltl): f((’(llwf)(’vl I 4’) Ml I/, ()~’?,

IIlllv 1;1(’1 )1 1

‘1’bcl{l;(] sclcctcd is simihr to previous four-wmc ifcsigl]s
construe.tcd or proposed al 1 0s Alamos [4]. ‘IIIc hi~h output

energy ot ‘1 MeV rqrircs an unusual ]cngth of 6.9 m. The
RI;(J !ca[um an intcflrtij copper vacuuni, r!, and structural
cnvclopc!;md is constmc[cd in eight clcctroformu.i scc[itms t.htit
arc in turn clcctroforrncd togclhr-, Each pair of sections forr:ls
a loop-diivcn r!’ sc~mcnt resonantly cm!plcd 10 tbc otbcrs in u
coupled-cuvity structure. ‘1’hcavcr;igc stnlcturc power is 1.$0
kW with ii pc:ikpower (incltding hcam) of 2.1 M\V. Proven
tuning ;il~oritlmls I};ivc hccn dcvc]opcdfor [Ilis type 01 ilcvicc,
Dynmnics c:ilculati(ms show (1101(hc jtnlctlmc will h:ivc over
‘)5% lr;ln~mlssiorl with :ul cmitl:ulcc 01 (),()?.n cm lIIUK1 (rrns

IloITll~lll YCd) ill 38 IIiA.

‘1’hc402,5-M 11~.1) ’1’1.is designed with two t:inks i]n(l a

tot:d Icll!!th 01”5.43 m. Pcrrrl:lncl]t .nl:lj~,ncl qumirup(dcs :Irc
usd ill Xi 1:1:1)1) am! igur:liion. I)rill tube bores we i.8 cm
di:ullctcl, :iI]~lr(lxilll:ilcly” 10 (imcs lhc m~s biuuIl si7c ‘Ihc 1) ’1”1.
is simll:lr [0 (icsigns [cstcd :it l.ms Al:um)s (m (i’1’A :Iwi o[hc.r
projcc(s. ‘1’lmtot:d peak p)wcr nmxlc~l is 2,03 MW. ‘Illis is to
bc supplied by :i two-tube klystron modulc with c:i(”h (ubc
plovidil)y :; I)()!nin:il 1 MW t)! rf p[~wcr, Ilc;ill]-(ly[]:itllics
CillClll:lli(~IIS Snow Iitllc cmituuwc g,r(lwtll wltb a Iml lslmtnl of
.3x niA,

‘I”hc H05,()-M1l Z 1)1”1.is :;in]ilarly c[mstnlctcd wl[h ii [o(:d
Icnglh of” 54.7 m ;Illd c~msisls of I 5 Iwlks ‘1’11(’I;ilticw is J

l;}:l;( )()( )1)1)1 )()()() con figur;llit)n usin[! I ,X cm bore

pcrIll:lllcIfl-lll: f}!ll(:l qudrupolcs. I:rom ollr loss cs[imntcs ml

cxicnsIvc lcsl InL of nul}!,nclic m:mxi;ll, wc do not bclicvc UM[
l;l(liii[loI1- lll(jllCC\l dctcfit i:lliun of tllc In:lgnc(s will h!
ilpprCCi;d)lt! (wcr:1 pcrioii of m;my years. ‘llc i;lli[) of npcrturc
rwlius [() Iwafll 1111SS17.C is grc:ltcr Ih:in Ihc f;wl~lr of” SCVCil

~!l’tlc.r:llly u~(Yl il[ 1.AM1’1: iis :i “s:lfc” vnluc, licmn (Iyn:mlics
C:dclll:ltiolls sll~)w slll:lll Crnill:mcc gn~wlh will) N lvlrrcl)l of 75
mA. ‘!”IIc 101:11rf Ixnvcr rcquirc(l is stmic 8,23 MW I() k
supplic(l l~y :i sm~ll:lr kly+[nm m(Nlulc :is US(.YI by the 402,5.
MI Ix.1)1’1,

M: IIIIIIIIJ[ I)C(WCCII IIIC thr(kc Iitl;il’ M’CII(IIIS is done

tl:lllsvu scly with v:uinblr pcInlm K:llt.nl:ly,llrl quwlrupolc.s :111(1

loll/!llllIIItl:llly wflh I);lirs of bunl.hcr ~’:lvili(.s, ‘I’lw bunchcr
Systl!llls lC(lllfl C :1 I(ltd (Ii’60 k~’ of POW(’1 ~ul(l :lli! Slll)plli!d by

six t(’lr(xh’ (I fivcfl sflpplics.

Stutlfcs :inrl CXIN’I iltlcntnl fcslllts lInvc WOWII 111:11the

I, AMII1’ S(’1. (loo” t{) H(X) MrV) is qlli[c ;UIC(III:IIC ti)l N(’NR
llltll)t~s{’.s N~Nc [Il;l( [II(* 1.AMI’I; f:ltility II:IS Il]ll(tfi)n(i(l NS it
pI(IvI(l(.I ()( I)C:IIII x( I MW 1(.v(tl~:11ii I(sl)Iq IIio I) [:IIc {II 1?() 11/
Wllll :1 mf(”lo~)lllw If f’qllm’v of ;)()! ,;?’) Mtl/ AI [ti(’!il’ kV’’l S,

it {)p(’1:ll (’s Ilflil(l II)W :,lfr5f :)111111:1s 11:1(1if ltu)~’ llif,l{~l~ ~Jf Ili})ll
1(’ll:lllllftv ( )If! [I IOPOS.11”ll~:ll]y (k)lll)l(’s 11)(- pr:lk (’lllfclll

IIOW($VCI, 1111.IIILI(.:IW III tlii{f(q)~llw fl(-(llwll(y ((~ ,1(~1’) MII/
1(’!llfll:, Ifl :1 hflllll; ll (“h:lf J:l’ I)(’I 1)(’:11111)1111( h, 111(’!>II I}:I(’ 1)1111(”11

1)(’:111) (Iyll:lllllt”! I\ 111’11(1’Ifl)ch:llly.(’11 1{(’(’:llls(’ ot tll(’ of%
(’tlojllllll}I, (IIIIV t:l( [!)1, ltl(’ 1)(’:lk ;IV{’I; I}!(’ ( II II CI)( f\ I(J \ II IA,
\lt}!l\!lv :il~~}t(- [Iw IM(’S(-lll Il{}llllll;ll (1111( III 01 I / ItIA “1’;lkllly,
III!(1 :1(’(’(}11111111(’ !:lllr) ()( I(lt:ll !,lll)pll(xl l)(lw’rl 1(1 Stlll(’1111(”
l(~\IJO~)( ,1/ {), 1111*:I(lflltii}ti:il :Iv(.I;I}~,tI lwI\v(I t~} IN, IIIIly)l I(.(l I,.
j{)IIII” ,1’; , w(II wllllill II)r I)lc,i(.tll II ‘!)’’.l (’1111!’:.(’1‘.’(’ 1’:111:1[I(Y
1Irll! l’, fit! ‘,II IMI;II1!I:I! IIll}tlml!’ 1. 11[’(’11(’(1



l<CCCIII :idvancws in 1’:1s1;I(i:q)(lvc feed-lorward cimtlol
lccl)lliqucs 17], prx)vcn 011 \llx’l:ullillg sys(cnls, wlli IX! vcl y
usct’111In ;whwving I{)wlos> 1)1’;IIII C(u)lrol m IIlc Iinm’ mld wlli
sooli” tw (cslcd (m llw S(;1., SludlL’s :Irc Ulidcrw:ly 101”hi~[h-
CUIIL’11( iid:ip[:itioIls (I) IUIIIIIX lccl~niqucs SI]Ch :IS tll~ At
Illclllod. i>l’()~:r:lnls :irc ;11s1)ill pl:lcc It) S[tldy IUII() gt’t)W[h illl(l

develop (cchtli(~ucs111:11lninili]i/.c Iw:ull 10SS IN].

V. (’OMI’I<l;SSOR” RIN(;
“1’11~~co[lipl M(Nrln}l will bc ;I,IVL’11sll{~ll ll~>iillllcll[ Ilclc; i[ is
(1(’!irIlhc’(i III(lIL’ L!xllmslvcly Ill :111;I(’I’ollll);llly ill}: p:lpc[ [9], ‘1’11(’
III;IIOI p; Ir;IIII(*tc IsmL’ I)owl’v(v Iistcd in ‘1’:lt)lv 2.
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1)101011”S(IU:I}:C Rill}!; :1 Sl:It IIs i{t’p<~rt,” Ik’11: l“r~(mf
NI/~1. J’(i. NS - l;?, N{), S, 26(,1? ( I’)$1$).

R, York, ]), ‘l”IIp;I, ;III(I 1). SWCllsoI), “V\)lIIIIN’ 11” SOIIICC

l)rv(’l(qm’ul :1[ I, AMI’IJ,’l IIlcsc pl”ol’c(lllny,!i

[[, V. Sll)i[l), J. l), SII(’IIIiJn, l). Allis[)[l, “1’IIlsrd II 11~11
11(’:1111~tfolll l)(’llllilif’, S1)S S0111{’(’s I;.qlllppc(l will) (’i!ul]loi
I:,II) II ICI S,” i’foiwxlil)}!s 01” III(’ II)H8 1,itw;u A1’~(.lcl{i[{)r
( ‘OtIt’ih[CIIcc,Ncwpt)t[ Ncwrs, ( )~’t(dwf, 1°88, p I(A,

I\] K Jol~ll:iotl,” lit, ~11,, “(’ollllIlissi{ )llill}: 01 II){’ I;itst lhIlt

‘I”IIIw 1.illw M(NIIIl(m III tlII’ ( iIOIIII(l ‘l’IiSI A({cIcI:IIIII,” III(*M’
]I!(H’(’(’{IIII}!5,


